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INTRODUCTION
Wound debridement, the removal of necrotic tissue from a wound, is an essential first step in the process of wound healing (Haury et al., 1978) . The human defense system itself can remove non-vital tissue and bacteria by means of specialized cells (leucocytes, macrophages) that are able to secrete enzymes in their micro-environment and are capable of phagocytosis (Clark, 1985) .
When the extent of necrosis is too large, or when additional compromising conditions, such as lack of arterial blood supply or infections, are present, the natural defense system may be *To whom all correspondence should be addressed. (Westerhof and Mekkes, 1990) . The most frequently used commercial product is Elase (fibrinolysini DNAse).
Krill enzymes, isolated from the intestine of a small shrimp-like organism (Euphausia superba) that lives in the Antarctic ocean, have been described as potentially effective for wound debridement (Anheller et ul., 1989; Hellgren and Vincent, 1989) . Krill enzymes consist of a mixture of endopeptidases and exopeptidases. Among the main endopeptidases, three trypsinlike serine proteases were identified. One of these trypsin-like enzymes also exerts exopeptidase activity. Five exopeptidases were identified: two carboxypeptidases of the A-type, two carboxypeptidases of the B-type, and one aminopeptidase.
The exact composition and properties of the mixture has been reviewed in detail (Osnes, 1985a (Osnes, , 1985b (Osnes, , 1986 Osnes and Mohr, 1985; Osnes et al., 1986) . The entire mixture, the crude extract, is more powerful than its individual components, pointing to a synergy between these enzymes (Osnes, 1986) .
In this study, we describe the digestive activity of krill enzymes towards full-thickness tissue specimens, compared with placebo and two other enzymes designed for use as a solution in wounds. papain and fibrinolysiniDNAse.
MATERIALS AND METHODS
Sixty full-thickness skin specimens, 10 mm in diameter and approximately 10 mm thick, ranging in weight from 134 to 186 mg, were removed from the thighs of a New Yorkshire pig, under sterile conditions. The specimens contained epidermis, dermis and subcutaneous fat. After weighing, they were placed in sterile containers, containing 10 ml of the test solutions. The test solutions were krill enzymes (Medisan AB, Uppsala, Sweden) in concentrations of 3, 0.6 and 0.06 casein Units/ml in PBS (phosphate-buffered saline); fibrinolysini DNAse (Warner-Lambert, Amsterdam, The Netherlands) in concentrations of 2.5 E/ 1500 E and I E/600 E/ml in PBS; papain (Sigma, Zwijndrecht,
The Netherlands) in concentrations of 120, 60, 6 and 0.6 U/ml in PBS; and a control solution, PBS. The concentrations were selected on the basis of the recommended concentrations for clinical use as a solution in necrotic ulcers: 6 U/ml for krill enzymes (Westerhof et al., 1990) . I-2.5 E/ml fat fibrinolysin (Westerhof (11 (II.. 1987 ) and 60-100 U/ml for papain (Avakyan ('I (I/., 1987) . Penicillin (100 U/ml) and streptomycin (100 ug, ml) were added. The containers were rotated slowly at 1 rpm at 37' C for 3 days. After 24, 48, and 72 hr, the skin specimens were removed from their containers and weighed (wet wt); the enzyme solutions were refreshed every day. After 72 hr also, the dry wt was measured, and one of the six biopsies per test solution was examined histologically using routine haematoxylin-eosin staining and picrosirius red staining for collagen (James rf ui.. 1986).
RESULTS
Already macroscopically (see Fig. 1 ) it could be observed that the skin specimens exposed to 3 U/ml krill enzyme for 3 days were nearly completely digested, while the specimens exposed to PBS control, papain or fibrinolysin DNAse seemed still to be intact. Figure 1 shows the average dry wt ( 2 SEM) of the skin specimens, measured after 72 hr of exposure to the enzyme solutions, and expressed as a percentage of the original weight. With 3 Uiml krill enzymes, the dry wt was 2.7% i I .9 (SEM. n = 5) compared with 3 I .O% + 2.7 for placebo. 25.7% &-2.5 for papain, and 24.5% 4 3.3 fat fibrinolysin/DNAse. The differences between 3, 0.6 and 0.06 U/ml krill enzymes and PBS control were statistically significant (p-values < 0.0004; Student's t-test). Krill enzymes, even in the lowest concentration (0.06 Uml), were significantly more effective than 2.5 E,:l500 E, ml fibrinolysin/DNAse (p = 0.007) and papain (p = 0.002). The lower concentrations of papain (60, 6, 0.6 U/ml) and fibrinolysin/DNAse (1 E/600 E/ml) were not effective at all and are not further shown or mentioned in the text, The highest concentrations of papain and fibrinolysin/DNAse had some digestive properties, but the difference compared with control was not significant.
Histological examination of the skin specimens confirmed that, after 72 hr of exposure to 3 U/ml krill enzymes, all tissue components except collagen fibres had disappeared, and even the collagen fibres were disintegrating [see Fig. 2(F) , picrosirius red stain for collagen]. The tissue specimens exposed to control solution (PBS), papain and fibrinolysin/DNAse, showed little morphologic change, except for detachment of the epidermis of the specimens exposed to 120 U/ml papain [ Fig. 2(C) ].
The daily measurements of wet wt after 24, 48, and 72 hr showed that, initially, because of hydration, most specimens increased in weight, but not those exposed to krill: after 24 hr of exposure to 3 U/ml krill enzyme, the average weight was reduced to 64%; after 48 hr, to 32%; and after 72 hr, to 18% of its original weight. The effect of krill enzymes was dose dependent.
DISCUSSION
Enzymatic debridement of necrotic wounds is a subject that has regained interest during the
